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General Limitations of Machine Learning

ANeed for huge amount of data for training

ANeed for stable environment
AUnstable against variations in input

ALack of transparencykackboxoperation mode)
AOutput of all stochastic models approximative
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Proposed Solution

AlncorporatingPrior Knowledgénto Al Algorithms

ACombiningiormal logic (semantic representatioahd stochastic
modelsin Al applications.
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Minimal Requirements fgkl language processiegstems

AExactness
Alnformation security
ARobustness

AData parsimony
ASemantic fidelity
Alnference

APrior knowledge usage

CINFONEER ©» ' “210
srwancg W STATE



Semantic Spectrum of Knowledge Organization Systems

= OﬂtOlogy/
%, Conceptual
% Model / OWL, Common Logic
=3 o
(i Taxonomy/ RDFS, UML
Thesaurus ®
Semantic interoperability Informal RDFS
. o
Syntactic/Structural Hierarchy / SKOS
interoperability ®
List / XML
o

/Glossary, Dictionary,

Controlled Vocabulary
Development Cost
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Thesaurus vs. Ontology

Ontology Thesaurus

—h
Vl
—h

Logicbased semantics
J W Relational semantics

Structural semantics . .
Lexical semantics
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Research Objectives

ATo develop a minimalistic knowledge graph (thesaurus) that can
representrelationalandlexical semantice the domain of
iIndustrial maintenance.

ATo develop models and tools for:
AText summarization and tagging
AMaintenance diagnosis
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Prior Maintenance Knowledge (Relational Semantics)
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Gear Failure modes and Treatments

Artifact

Gear

Modes of \
failure

Treatment
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One knowledge graph for the entire maintenance domain




Companyspecific or Industrgpecific Knowledge Graphs

Boeing GM BP

Integration
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Integration
Integration
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SKOS mOdeimple Knowledge Organization System)

SKOS is a common data model for knowledge organization systems such as thesauri,
classification schemes, subject heading systems taawhomies.

AW3C Standard 7] Galvanization
Chemical Reaction

A Web-native syntax T ——> Coating

A Machinereadable SKOBoader b Rust

A Simple semantics SKORelated

. . ( . )
skos:semanticRelation Oxidation SKORALab k_ _ Euitlig_ _,J
|
+— skos:broaderTransitive lv
| | SKO®efinition Homolytic Oxidation

| +— skos:broader

+— skos:narrowerTransitive

+— skos:narrower -
r ————————————————
| Oxidation is the loss of electrons during
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Heterolytic Oxidation
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Concept Schemes (types) in Maintenance Diagnosis Thesaurus

4 [ Maintenance Diagnosis Thesaurus (5)
- Imw Artifact (5)
> mw Maintenance Problem (2)

> Imw Maintenance Treatment (8)
7w Property (3)
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MD Thesaurus
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2 Maintenance Diagnosis Thesaurus

N Artifact (5)

% Maintenance Problem (2

% Functional Maintenance Problem (4)
nction (1

Incomplete Function (4)
3 nction
» Behavior (18)

=¥ Non-Functional Maintenance
Problem (9)

Y broken part
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¥ Maintenance Treatment (6)

» IR (property)
ists
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B = thesaurus

™ = concept scheme
B =top concept

B =normal concept

Label search: Search...

Expand all Collapse all Manual batch
4 @l Maintenance Diagnosis Thesaurus (5)
4w Artifact (5)
& Equipment (18)
i Part (37)
i Product (1)
i Supply (3)
[ System (18)
4 1 Maintenance Problem (2)
i Functional Maintenance Problem (3)
i Mon-Functional Maintenance Problem (10)
4 = Maintenance Treatment (8)
4« | Adjustment Treatment (5)
Bl adjust airspeed
i adjust hinges
I adjust print head
B adjust roller
B adjust sensor
i Alignment Treatment (1)
i Other treatment (1)
i Rebuild Treatment
i Regular Maintenance (4)

C8V batch

Thesaurus statistics
Total nodes: 337

Total concept schemes: 5

Total concepts: 332

Total preferred labels: 332

Total alternative labels: 99

Total hidden labels: 3
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Alternative labels

concept

Functional Maintenance Problem
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concept

Incomplete Function

Undesirable Behavior

concept

incomplete cleaning

incomplete pumping

Misaing Function

jamming

erratic action

concept

conveyor jamming

altLabel@en

pumping with low preasure
Not pumping to desired level
pumping with high preasure

leaking oil

leaking water

leaking air

leaking coolant

not stopping

not picking parts

not indexinE

not openning

maak alacsina

jammed
conveyor jam

hyd leak
hydraulic leak

water leak
air leak
coolant leak

will not stop

Having problems picking up parts

will not index
not open
will not open




Relatedness

skos:related

Part of

cause of
symptom of

v

Reason for

v

Impact of

v

Input for

v

Output of

v
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Relatedness

skos:related

When an artifact is part of another artifact or share a common pq Artifact Artifact

When certain artifacts are prone to certain problems (failures) Artifact Problem

When certain treatments are effective for certain artifacts Artifact Treatment

Treatment

When problems have known treatments Problem

Problem

When Certain problems are caused by other problems (causalit Problem

Treatment

When certain treatments complement each other Treatment
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Undesirable
Behavior

Maintenance

Leaking
oil
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Artifactsrelated toProblems

Artifacts Related

CH Al

Lairi b P roddem |

HMoerFunctioral Mainberanoe Pro

Ty incomplete cleaning
" incom plete pumEng
"y locked up

() poor Feat transfor

Asfustment Furetige ]
Incom phebe Foretion

[Functisnal Mainberano ProtbEm-] |

SO0
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Problems related to Treatments

T incomplete cleaning
Adustment Furetige )
— [0 incomplete Durmging
Incomplibe Furetion =) hocked up

("l pood Paiat bransher

[Fuinect iinal Mainberanos ProbEm-] |

ainberancs Probdsm |

JOCHOEHD

Mo Funct kol Mainberanos Probbs)

improper setup

Related

Adjustment Treatmenk-(_)
() Rebuild Treatment
Regular Maintenance-_)

I_‘-.u-- ()

ntenance Treatment ()

Replacement
Treatment Ao

() change coolant
(_) change Filter
() change oil

() lubricakion

() repair pump

() repair solenoid

() repair vacuum line

() reseal plumbing joinks

() replace airgun

() replace argon cylinder

() replace argon tank

() replace bulb

(_) replace controlling solenoid
() replace drive belt

() replace Fan unit

() replace Filter

() replace handle

(_) replace heater conkrolling relays
() replace hinges

(") replace hose

() replace hour meter

() replace oxygen bottle

(_) replace oxygen tank

) replace pump

() replace release valve

() replace resin bed

() replace solencid

() replace wacuum block

() rewire



How MD Thesaurus Helps ?

Aummarizing and tagging maintenance logs.

ADecision support in maintenance diagnosis systems
AFrom symptoms to roetauses to treatments
ADocument classification
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Data Tagging and Summarizing
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Maintenance Logs
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H ©- s Phillips Maintenance Data -tagged - Excel ? BH - 8 X
FILE HOME INSERT PAGE LAYOQUT FORMULAS DATA REVIEW VIEW 5 Siddu -
s Cut - = = AutoSum -
r Yoo K5 F Bweten B [roma o B B[ T by i
B Copy - Fill -
Paste " . BE I U-~ R A S Merge & Center - $ DTS I Conditional Format as | Good Neutral Insert Delete Format Sort & Find &
- Format Painter - " Formatting~ Table - - - & Clear~ Filter * Select =
Clipboard F} Font ") Alignment F} Mumber ") Styles Cells Editing A
Al - .f_r machine desc Py
A 5] C o
1 |machine desc lmachine desc Prob_cause RepRes
2 | Parylene System Vacuum pump is leaking oil.
3 |Laminar Flow Bench Airflow readings range from 50 FPM to 85FPM. May need HEPA filter replacement. Please evaluate.
4 Bladder Bond Oven Bottom shelf Connection #4 (marked) Wrap connection is leaking through fitting (inside the oven).
5 | Auto Blanking Saw Camera on autosaw needs cleaned. Having problems picking up parts for alignment
6 |vacuum pump pump at encapsulater is low on oil
7 Other Degas Chamber (T365557) for the X3 is not working
& | Other Pressure Pot (T364852) is not working
9 Other Need a hand valve installed to shut off air line when not in use

10 Auto Tab Bonder
11 vacuum pump

ECR pump needs an extension cord- not long enough
Not pumping to desired level.

12 |Other Have oven vents that are hooked up checked for proper flow, have an employee stating that lips are burning
13 Other vacuum pump (for X3) see Scott Snyder not working along with a pressure pot- no P number

14 Dicing Saw Setup error no detection

15 'vacuum pump oil level reading high.

16 SAW #2 Keep getting low air alarm

17 Omni Cleaner Strainer Filter on Omni Cleaner is leaking.

18 Laminar Flow Hood Wiring

19 SAW #11 saw crashed and spindle will not turn
The pump for the ¥-3's is not pulling & vacuum.
20 Other See- Scott Snyder
21 VACUUM SYSTEM, DICING Pump #1 using copious amount of oil. Getting oil in exhaust.
22 |Other Thinking machine is not working - lid will not stay down - no P number
23 Other Tabonder not heating Station # 4 Trudy is contact person.

24 PLASMA ETCHER
25 Rinse Station 002
26 SAW#11

27 Other sandhblaster in Annex flow of sand intermittent

need a argon tank
Resistivity is down, tanks need changed.
saw spindle stalling

add 500 ml fomblin

add 500 ml fomblin

adjust printhead pressure screws

verify machine operation and perform leak test
Mims wasn't hooked up at time for calibration & wa
Moved Gun

Pressure error range

Thiz iz a JLL request

Replaced drive belt / changed oil

This is @ JLL issue

Unit was loose in tooling

Package Bonder heads for shipping to demco.
Repaired Solenoid

duplicate request

Replaced controlling solenoid

Duplicate Request

drain condensate from pump

UV bulb needed changed.

Could not find the problem for bonder stopped work
replace Oxygen bottle

Replaced heater controlling relays

change the prealign positioning

adjust leveling cam

Before we could look at it, it was re-taught and h
Lubricated ¥ axis ball screw.

Replaced Vacuum Pump
Adjust Airspeed

Added Oil
Vent Switch Open

Provided Extension Cord
Changed 0il

Vent Switch Open

Drain Excess

Re-Seal Plumbing Joints

Rewire Input Connection / Replaced Light Ballasts & Bulbs / Motor Controllers &

Replaced Pump

Replaced Argon Tank
Replaced Resin Bed

MEMT Report since 2011 ®
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SKOS Tool
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